Purpose: The purpose of this study is to investigate the effects of healthy persons performing a plank exercise with hip abduction and use of sling on trunk muscle activity. Methods: Twenty-three subjects participated in this study. Muscle activities of the multifidus, rectus abdominis, external oblique and internal oblique were assessed with electromyography (EMG) while the subjects performed 6 various types of plank exercises in random order.
INTRODUCTION
The trunk muscles play a pivotal role in stabilizing the spine, providing free movement of the upper and lower extremities, and has an effect on achieving a stable posture, including standing posture. 1 In order to perform various movements during every day life, it is important to maintain proper trunk muscle strength and endurance because the abdominal and trunk muscles are closely related to the stability of the lower trunk, and thus trunk muscles are important for trunk movement and postural control. 2 Due to the rise in interest on trunk stabilization, studies on core exercise has been reported in various fields, such as physical therapy, yoga, and pilates. 3 Plank exercises are not only used for rehabilitation purposes, but are also generally used to promote physical abilities. 4 Plank exercises are not only used to evaluate trunk stability but are also an exercise used to improve trunk stability. 5 In recent years, various studies have been reported on posture to maximize the effects of plank exercise performance. 6 Many studies on effective exercise methods have been reported on not only the general plank position, but also on the use of a sling, Swiss ball, Togu, etc using an unstable support surface, 7, 8 as well as arm angles and changes in various lower extremity conditions etc. 9, 10 Slings exercises are composed of multifaceted exercises performed in multiple planes and joints through the use of the effects of gravity placed on the body weight, and are difficult to adapt to and maintain balance due to changes in inclination. 11 Slings are ef-gating the effects of sling exercises with the inclusion of hip abduction are lacking. Previous studies reported that use of slings during exercises provide an unstable surface and therefore increase muscle activity compared with the general plank exercise, 15 and plank exercises combined with hip abduction are more effective than the general plank exercises. 10 Therefore, this study was conducted to investigate the effects of performing plank exercises with hip abduction with use of a sling on trunk muscle activity, to determine which plank exercise position would create the most effective trunk muscle activation, and to propose the steps to be applied to the exercise intervention according to the muscle activities.
METHODS

Subjects
This was a cross-sectional study. Twenty-three subjects voluntarily provided their consent after being informed of the study purpose, methods, and application of results. All subjects signed a consent form approved by the Sahmyook university institutional review board.
Muscle activity of healthy subjects were assessed using surface electromyography (EMG) during the maintenance of the knee-supported-in-sling plank, knee-supported-in-sling with one-legged hip abduction plank, ankle-supported-in-sling plank, ankle-supportedin-sling with one-legged hip abduction plank exercises that were performed in random order.
The control group was comprised of healthy subjects provided their voluntary informed consent for the experiment. Subjects who experienced lumbago pain within the past 6 months, congenital deformities of the upper and lower extremities, severe orthopedic or neurological disease, or superficial injury or pain were excluded from the study ( Table 1) .
Experimental methods
1) Research procedure
The maximum voluntary isometric contraction was assessed from the multifidus, rectus abdominis, external oblique, and internal oblique muscles from each subject. Prior to the experiment, each subject was provided with a full explanation on how to perform each plank exercise and was allowed to practice each plank exercise at least 3 times to become familiar with the exercise methods. Each of the plank exercises was listed below and was performed three times each in random order.
(1) General plank position
For the starting position, the subjects had the upper arms spread shoulder-width apart, and the upper arms parallel to the elbows.
According to the instructions of the researcher, subjects were asked to maintain maximal knee extension with the toes pointed in plantar flexion. Subjects were to have the head, trunk, and leg in alignment ( Figure 1A ).
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(2) One-legged hip abduction plank position
The subjects were instructed to maintain maximal knee extension with the toes pointed in plantar flexion. Subjects were to have the head, trunk, and lower extremity in alignment. The right lower extremity was elevated above the level of the buttocks and placed at 30 degrees of hip abduction ( Figure 1B ). While waiting in prone on elbow position, upon cue the subjects assumed into the position with the head, trunk, and lower extremity in alignment. Each condition was repeated 3 times with a 1-minute rest period in between and measurements were performed in random order.
2) Measurement (1) Collection of EMG materials
The Telemyo 2400 G2 Telemetry EMG system (Noraxon, USA, 2011) was used in order to examine the muscular activity of subjects. The sampling rate was 100 Hz and the bandwidth filter was set at 10-450 Hz.
For the multifidus, two active electrodes are placed parallel to the spine, 2 cm apart, approximately 2 cm from the spine over the muscle mass. The iliac crest may be used to locate the L-3 vertebra. For the rectus abdominis, the electrodes are placed 3cm apart and parallel to the muscle fibers of rectus so that they are located approximately 2 cm lateral and across from the umbilicus over the muscle belly. For the external oblique, the electrodes were placed 15 cm lateral to the umbilicus. For the internal oblique, the electrodes were placed 2 cm below and 2 cm medial to the anterior superior iliac crest. 16 Prior to the experiment, muscle contraction of the multifidus, rectus abdominis, external and internal oblique were assessed for 5 seconds and analyzed in order to obtain the MVIC.
For the multifidus, subjects were asked to lift their trunk up from a prone position with the lower extremities fixated by the therapist.
For the external and internal oblique, subjects were asked to lift their trunk up and diagonally from a supine position while their lower extremities were fixated. For the rectus abdominis, the subjects were asked to raise their trunk up from a supine position and with their lower extremities fixated. Descriptive statistics was used to analyze the general characteristics of subjects, and the two-way repeated measures ANOVA was used to investigate the effects of performing various plank exercise conditions on trunk and lower extremity muscle activity.
In order to examine for the differences in trunk and lower extremity muscle activity according to the various plank exercise conditions, a post-hoc analysis with the least significant difference (LSD) was performed. Significance level was set at p < 0.05.
RESULTS
1. The differences in muscle activity according to the various plank exercise positions and methods were as follows. There was no significant interaction or impact on muscle activity of all muscles with the inclusion of the one-legged hip abduction method. There was a significant difference in muscle activity of the multifidus and internal oblique on the supported lower extremity side, and the multifidus, external, and internal oblique of the elevated lower extremity side (p < 0.05). There was a significant difference in the muscle activities of the multifidus, rectus abdominis, external, and Korean Physical Therapy internal oblique of the supported side and the rectus abdominis, external, and internal oblique of the elevated side (p < 0.05) ( Table 2 ).
Post-hoc analysis results (comparison of the three exercises
with lower extremity elevation, non-elevation) ( Table 2) . 
DISCUSSION
This study investigated the changes in muscle activity of the core muscles, multifidus, rectus abdominis, external, and internal oblique, during the performance of plank exercises with the addition of a sling and hip abduction.
Results have shown that there was a significant difference in muscle activities of the multifidus, external, and internal oblique of the elevated side when performed with one lower extremity supported compared with two lower extremities supported, and de- ties of the left external oblique muscle, right rectus abdominal muscle, and the left rectus abdominal muscle were higher with the ankle-supported-in-sling plank compared to the general plank exercise methods. Atsushi8 also found that the trunk muscle activities were significantly higher during the performance of a plank exercise method on an unstable surface with use of a Swiss ball compared with the general plank exercise method.
There shows higher muscle activity in plank with sling than the muscle activity in general plank in this study as well. Both side (supporting and elevation) rectus abdominis, external oblique, internal oblique, show higher muscle activity.
Mok et al. 17 stated that slings provide an unstable surface and therefore, is more effective for trunk muscle training, and that activities performed on an unstable surface produce increased core muscle activity and stabilization compared with use of a stable surface. Significant increases in muscle activity during the general plank exercise method compared with the knee-supported-in sling plank is considered to be due to the role of leverage. One of the functions of levers are that it converts power into torque, and that greater the center-to-center distance, the greater the torque. 22 Therefore, the decrease in power that occurred during the knee-supported-in-sling position is considered to be due to the decreased center-to-center distance and thus, a shorter lever arm, compared with the general plank and ankle-supported-in-sling plank positions. Similarly, it is considered that the increases in power observed during the onelegged hip abduction plank compared with the bilaterally supported lower-extremity plank positions were due to the increases in lever arm length.
This study showed that the muscle activity of the rectus abdominis during the one-legged hip abduction plank exercises were not significant. This is believed to be due to the anatomical differences of the rectus abdominis. 22 According to Neumann, 22 the rectus abdominis is arranged widely in a vertical plane while the external and internal oblique are anatomically arranged in an outer or posterolateral direction toward midline within the trunk, and therefore, the structure of the rectus abdominis is difference.
The limitations of this study are as follows. Firstly, the results of this study cannot be generalized due to the small number of healthy subjects. Secondly, the learning effect could not be ruled out due to the subjects having to perform 6 various activities at one point of time. Through this study, it has been found that plank exercises can be performed with different range of intensities and that the level of difficulty can be selected according to trunk muscle strength. Those who just begin exercise or lack of muscle strength should apply sling on the knee, while professional athletes or those who need powerful core exercise should apply sling on the ankle to have higher muscle activity.
Further studies should consider evaluating changes in trunk muscle strength, muscle thickness, and fatigue, and be conducted as an experimental study versus a cross-sectional study.
